Object. The incidence of subarachnoid hemorrhage (SAH) in Japan has been reported to be among the highest in the world. The aim of this study was to analyze the incidence of SAH and its trends in Akita Prefecture, Japan.
UBARACHNOID hemorrhage accounts for only a small portion of stroke cases, but its impact is relatively great because it is associated with high case fatalty and disease burden. The incidence of SAH has ranged widely among the different regions of the world, 6, 7 and its incidence in Japan has been reported to be one of the highest. 3, 5, 9 This pattern was also documented in Akita Prefecture, although SAH incidence rates were analyzed only in people with ages from 25 to 74 years. 14 Authors of two studies have analyzed the incidence trends in the 1990s in Japan. 5, 9 The age-standardized incidence rates did not change significantly. Data from one of these studies 5 revealed an increase in the crude incidence in women.
In the aging Japanese population, a significant proportion of the patients are older than 74 years of age. In the present study we determined the incidence of a first SAH in the whole population of Akita Prefecture and analyzed the trends in both the incidence and case fatality.
Clinical Material and Methods

Patient Population
Akita Prefecture is located in the northern part of Honshu Island in Japan and has a population of approximately 1,200,000. As described in detail elsewhere, 14 stroke cases in the prefecture (inpatients as well as outpatients) in which CT examinations had been performed were included in a prospective stroke register. The patients who died before arriving at the hospital underwent autopsy or, because autopsies are rarely performed in Japan for religious reasons, neuroimaging confirmation. Given that practically all (~ 98% 14 ) suspected cases of stroke in Akita Prefecture are referred to the hospital and that CT is performed, the stroke register is essentially population-based and a reasonable estimate of true population figures.
The Akita Stroke Register utilizes the standardized multinational MONICA questionnaire and stroke definition. Subarachnoid hemorrhage was diagnosed by attending physicians based on clinical symptoms and neuroimaging findings. Lumbar puncture was performed when the CT scan did not confirm SAH despite a strong clinical suspicion of its presence. First primary cases of SAH that occurred between January 1, 1989, and December 31, 1998, in the inhabitants of Akita Prefecture were included in this study. Patients who resided in other prefectures were excluded. Also excluded were cases resulting from secondary SAH (trauma, coagulation disorder, neoplasm, and so forth) or recurrences. More than 85% of the patients underwent angiography studies. Aneurysms sites were categorized as follows: ICA, anterior cerebral artery, MCA, posterior cerebral artery, ACoA, BA, and the junction of the vertebral and posterior inferior cerebellar arteries. Evaluated characteristics in the patients included sex; baseline age; consciousness level; focal sign (motor palsy); headache; physical finding of stiff neck; vomiting; origin of bleeding (aneurysm, arteriovenous malformation, or other); hypertension (history or blood pressure higher than 140/90 according to consecutive measurements in the Emergency Department); history of diabetes mellitus, ischemic heart disease, or hypercholesterolemia; smoking (yes, no, or heavy [that is, more than 20 cigarettes per day]); alcohol consumption (yes, no, or heavy [that is, at least 1.8 dl sake or other beverage with the same amount of absolute alcohol per day, 46 g]). If patients were unable to communicate, their relatives were asked to provide information.
Statistical Analysis
The denominators for calculation of the incidence rates were 1990 (for cases 1989-1992), 1995 (for cases [1993] [1994] [1995] [1996] [1997] , and 2000 (for cases from 1998) census data of Japan in Akita Prefecture. Incidence rates were standardized to the European Standard Population and World Standard Population. 19 Confidence intervals were calculated according to the Poisson distribution. Continuous variables were compared using one-way analysis of variance or the Mann-Whitney U-test, and categorical variables by the chi-square or Fisher exact test. Linear regression-that is, modeling of the log incidence (natural logarithm) as a linear function of yearwas applied to test the time trends. Seasonal and diurnal changes were evaluated using the chi-square test. Statistical analyses were performed with the Statistical Package of Social Sciences software (version 11.5, SPSS Inc.)
Results
During the 10-year period between January 1, 1989, and December 31, 1998, 3257 cases of SAH were registered. These cases included 1146 men (35%) and 2111 women (65%), with a mean age of 62.2 Ϯ 13.2 years (mean Ϯ standard deviation, 58.2 Ϯ 12.8 years in men, 64.4 Ϯ 12.9 years in women).
Incidence of SAH
The crude annual incidence of SAH was 20, 33, and 27 per 100,000 persons in men, women, and both sexes combined, respectively. The respective incidences adjusted to the World Standard Population were 12, 17, and 15 per 100,000 persons; and adjusted to the European Standard Population, 16, 23, and 20 per 100,000 persons. The incidence of SAH was higher in women than in men above the age of 55 years. During the study period, the crude incidence was stable in men but tended to increase in women (p = 0.001, r = 0.873; Fig. 1 ). After adjusting to the World or European Standard Population, however, this tendency disappeared. Age-specific incidence rates are listed in Table  1 . The incidence of SAH rises according to the increasing baseline age in women until the age of 75 years. In men, there is a plateau above the age of 55 years. Table 2 shows the characteristics in the study population. Female patients have a significantly higher mean age, whereas smoking and alcohol consumption are more frequent in men. Vomiting is a more common sign in female patients. We analyzed changes in mean age and some risk factors during the study period. Mean age significantly increased in both sexes: from 56.9 to 60.4 years in men (p = 0.006, r = 0.791) and from 62.7 to 66.1 years in women (p = 0.001, r = 0.873). There were no significant changes in the rate of hypertension, diabetes mellitus, hypercholesterolemia, heart diseases, smoking (heavy or general), and heavy alcohol consumption. With regard to alcohol consumption in men, there was an increase from 68.6 to 85.4% (p = 0.022, r = 0.707) during the study period.
Risk Factors
Case Fatality
The 28-day case fatality rate was 26.5% in men and 26.8% in women. There was no significant increase or decrease in case fatality during the study period.
Origin of Bleeding
Among the 3257 patients, 2719 (83.5%) had a verified aneurysm as the origin of bleeding. Thirty-three patients (1%) harbored arteriovenous malformations (Table 3) . Four hundred eighty-six patients had no confirmed origin of bleeding; this group included patients with negative or missing angiography studies (because of a poor state or other contraindications) as well as those with the so-called perimesencephalic SAH.
In a separate analysis of the angiographically proven aneurysm cases, we determined that the crude incidences of SAH in men, women, and both sexes combined were 16, 28, and 22 per 100,000; adjusted to the World Standard Population, 10, 14, and 13 per 100,000; and adjusted to the European Standard Population, 14, 20, and 17 per 100,000. The patterns of SAH incidence according to time, baseline age, and risk factor distributions were similar.
Aneurysms of the ICA were significantly more frequent in women, whereas those of the ACoA occurred more often in men. We analyzed certain clinical parameters according to the aneurysm sites. Posterior cerebral artery aneurysms were excluded because of their small numbers. Motor palsy was significantly more frequent in cases of MCA and BA aneurysms. Case fatality was worse if the posterior circulation was involved. There was no significant difference in the risk factor profiles (hypertension, diabetes mellitus, heart disease, hypercholesterolaemia, smoking, and alcohol consumption) or mean ages among the different sites.
Diurnal and Seasonal Variation
We also tested diurnal (Fig. 2) and seasonal changes in incidence. There were two diurnal peaks: one at 7 a.m. and the other at 5 p.m. (p Ͻ 0.001). The incidence of SAH was the lowest in the summer and highest in the spring, in both sexes (p = 0.015 for men, p = 0.063 for women).
Discussion
Incidence of SAH
Recently, SAH incidence rates in Japan were published from Kumamoto, 3 Izumo, 5 and Shimokita. 9 The incidence of SAH in Akita Prefecture is similar to that in other regions of Japan. The incidence is higher in Japan than in other parts of the world, except Finland (Table 4) . 17 Authors of all recent Japanese studies found a higher SAH incidence in women, mainly among the older age group: above 55 years in Shimokita, 50 years in Kumamoto, and 70 years in Izumo. In Shimokita a plateau in the incidence was observed in men older than 45 years; and in Kumamoto, in men above 40 years of age. This phenomenon was not revealed in Izumo, where the incidence increased in both sexes according to the increasing baseline age. In most published studies the incidence of SAH is higher in women. 7 The incidence is higher in women from 35 to 44 years of age in the southwest UK 10 and southern Sweden, 8 and in those from 45 to 54 years in Perth. 1 A male preponderance was observed in Finland. 6, 12 In the international MONICA study, Ingall et al. 6 could not find a consistent pattern in the sex ratio, although they analyzed only cases with patients up to 64 years of age. A plateau in the incidence was observed in men in southern Sweden 8 and southwestern UK. 10 In Australia and New Zealand, a bimodal distribution was observed in men, with peak rates among younger adults and the oldest. In women SAH rates increased continuously with age, the trend being attenuated after menopause. 1 The incidence of SAH was stable in Shimokita between 1989 and 1998. In Izumo it was stable in men, whereas in women the crude incidence increased when comparing data from 1980 to 1989 with that from 1990 to 1999. Nevertheless, the age-standardized incidence rates were stable in both sexes. Inagawa 4 suggested that aging and improvements in case-ascertainment could explain this increase. In Finland the incidence of SAH remained stable between 1988 and 1997 in both sexes, 13 and in Oxford between 1981 and 2004; 11 authors of both of these studies published only age-standardized rates. In New Zealand, researchers compared data from the early 1980s and 1990s and observed a decrease in the crude incidence rates, although it was statistically significant in both sexes only in the age group from 35 to 44 years; age-standardized rates also revealed a decrease. 16 As for the Akita Prefecture, we suppose aging is the main factor in the increasing tendency in crude SAH rates in women. Given the plateau associated with men, an increasing age is a risk factor for SAH only in women, and hence the increased SAH tendency can be seen only in women. Even in female patients, this increase disappears after age standardization to the World or European Standard Population. We have not observed significant changes in risk factors during the study period except an increasing age in both sexes and alcohol consumption in men. The proportion of elderly (Ͼ 65 years of age) increased in Akita Prefecture to 23.55% from 15.65% and in Shimane Prefecture (Izumo) to 24.8% from 18.18% between 1990 and 2000 (from 13.6% in 1980), according to census data. In the Aomori Prefecture (Shimokita), the SAH incidence remained stable and also increased to 19.44% from 12.95%, suggesting that other factors were also involved.
Case Fatality
The 28-day case fatality rate was stable during the study period. In Izumo the 3-month case fatality rate did not change significantly. The 28-day case fatality was stable in New Zealand as well.
Seasonal and Diurnal Variation
Inagawa 5 found statistically significant seasonal variations in the occurrence of SAH in Izumo only in patients aged 59 years or younger. He observed a peak in winter and a nadir in summer. Data from other studies conducted in different countries have shown widely different seasonal peaks. 4 In a large population-based study in Australia and New Zealand, peaks were observed in winter and spring. 2 In Izumo, two statistically significant daytime incidence peaks were noted: 5 one between 6 and 10 a.m., and the other between 4 and 8 p.m. These diurnal peaks are close to our own data. Other authors have also suggested that the risk of SAH is low during the night and around noon. This phenomenon may be associated with the circadian fluctuations in blood pressure.
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Conclusions
The incidence of SAH in Akita Prefecture is similar to that in other regions of Japan. The age-standardized incidence rates are stable, as are the case fatality rates. The crude incidence was increasing in women probably because of the aging of the Japanese population. Given that the incidence of SAH reaches a plateau in men after the age of 55 years, the incidence is not increasing in men. In the rapidly aging Japanese population, the importance of SAH and its prevention will continue to increase, especially in women. 
